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Sera from 119 people - 32 from Burkitt’s lymphoma patients, 60
"nearest neighbor" controls and 27 mother/child were examined with the
Indirect Immunofluorescence (IIF) test for the detection of antibodies
to Toxoplasma gondii. The results of the IIF test suggest that toxoplas¬
mosis is prevalent in about 60.5% of the population. Of the total sera
tested, 72 showed IIF titers in the range of 1:4 to 1:4096 and 56.3% of
these had a titer of 1:16 or above. Tests for IgM specific antibody
performed on the high seroposltives showed some evidence of active
infection occurring in the population. Also, congenital toxoplasmosis
may occur according to the results of the 27 serum specimens for mother
and child tested. The IgM test indicates that active infection was
occurring in the population. About one third of the people are nonimmune
and are, therefore, susceptible to Toxoplasma infection.
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Recent reports indicate that toxoplasmosis is not only a widespread
disease of humans but offers a great challenge to modern medicine. This
belief stems from the idea that a common infection like toxoplasmosis
may be asymptomatic or with protean clinical manifestations.
In spite of the fact that the sero-diagnosis of toxoplasmosis is a
well-developed area (Sabin and Feldman, 1948; Kellen et al., 1962;
Sulzer and Hall, 1967; and Walls et al., 1977), the micro-organism.
Toxoplasma gondii, that causes the disease still remains a medical
enigma. Because the Infection sometimes masks or mimics other diseases
and thus poses diagnostic difficulties (Vietzke et al., 1968; Lunde et
al., 1970; and Bamford, 1975), knowledge of prevalence of toxoplasmosis
may alert clinicians to consider this disease in diagnosis of diseases
with s3nnptoms of undetermined origin. This is of extreme Importance in
a country where other diseases such as malaria, sleeping sickness and
some worm infections have certain symptoms similar to Toxoplasma
infection.
There have been reports where failure to make antemortem diagnosis
of Toxoplasma infection has resulted in the death of some patients who
might otherwise have been saved. Most of the victims were Immuno-
suppressed or compromised patients who before death were known to
exhibit some neurological or other manifestations characteristic of the
disease (Gleason and Hamilin, 1974; Dubin et al., 1971).
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Although acquired and congenital toxoplasmosis infection was known
to he prevalent in Ghana when Ffrench (1962b) used the dye test to
carry out a serological study on 63 patients at Kumasi central hospital,
little work has been carried out on this disease since then. Besides,
the first study was done on specially selected people who met certain
criteria and, therefore, the investigation did not reflect a random
sample of the general population. For this reason, the present investi¬
gation was undertaken with serum specimens collected from Accra. As
the capital city of Ghana, Accra has cosmopolitan characteristics in
regard to tribe, birthplace of residents and wide variation in economic
status of the patients and other groups used in the tests. More
importantly, by using indirect Immunofluorescence (IIF) test, instead
of the methylene blue dye (MBD) test, both Immunoglobulin-G (IgG) and
Immunoglobulin-M (IgM) could be detected, thus making it possible to
recognize active infection. This is apparently the first report of




Toxopla,sjnosis, a disease caused by a protozoan parasite, Toxoplasma
gondii, afflicts both men and animals (Jacob, 1957; Frankel, 1975; and
Durfee et al., 1976). The parasite was discovered by Nicolle and
Manceaux in 1908 in a small rodent, Ctenodactylus gundi, in North Africa,
Castellani (1913) was the first to suspect that the organism can cause
human illness. But it was not until 1923 that Janku associated Toxoplasma
with human disease. Wolf et al, (.1939) linked encephalomyelitis in
infants with Toxoplasma infection,
Since its discovery, it has been found to have a cosmopolitan
distribution with evidence of high prevalence in a large number of birds
and mammals, including man (Sabin, 1942; Jacobs and Melton, 1966; and
Hartley and Moyle, 1974). Jacobs et al. (1960) and Katusbe et al. (1967),
by applying the peptic digestion technique to diaphragm muscles of some
animals. Including man, demonstrated the striking broad host range of
Toxoplasma and the persistence of the organism in host tissues.
Toxoplasmosis is assumed to have a world—wide distribution, but
little work has been done on the disease in Africa where the etiologic
agent was originally discovered. In spite of occasional reports and
some interest in toxoplasmosis in certain parts of Africa (Schneider




That human toxoplasmosis is present in West Africa as it is in
other parts of the world was known as early as 1950, hut few extensive
survey studies on humans have been accomplished. When Walters (1957)
observed negative reactions to Paul—Bnnnel tests in patients with
chorioretinitis and granular like fever syndrome, he suspected that
toxoplasmosis might be endemic in West Africa, Middlemiss (1957)
diagnosed a patient with intracranial calcification as having toxoplasmosis
on radiological grounds. He indicated at the time that the disease was
prevalent in Sierra Leone, Nigeria and North Rhodesia. At Firestone
Hospital in Liberia, De Jongh and de Jagar (1959), with serological
and other evidence at their disposal, confirmed the presence of the
disease. It was detected in a patient with malaria and ascaris and
hookworm infection. In Kumasi, Ghana, Ffrench (1962b), using the dye-
test, disclosed the prevalence of the disease in that country. Toxoplasma
antibodies were known to exist in the inhabitants of the Niger Delta
(Ludlam, 1965).
Although these cases were isolated, Fulton et al, (1966) drew
inspiration from the reports and made a major survey study. They used
sera of infants and adults from Greeks, Liberians and East Africans.
Recently, Goldsmid and Roger (1975) found that Toxoplasma infection
is fairly common in Rhodesia, Omland et al, (1977) discovered in an
opportunistic study that Toxoplasma antibody is prevalent in native
Liberians with a frequency of 60% at a titer of 1;4 and 45% at a titer
of 1:10 using the dye-test. Saathoff and Dogba (1974) arrived at similar
conclusions in South Togo.
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Toxoplasma gondii has a delicate, ovoidal pyriform or crescentic
body. It measures about A-b/^^ong by 2—S^^wide, with one or both
extremities pointed or rounded. It is best seen with Giemsa’s stain.
Electron microscope studies by Sheffield and Melton (1968) have shown
that T. gondii loses its crescentic shape and becomes ovoid after entry
into the host cell.
According to Goldman et al. (1958), division in this organism is
endodygenous in nature. Endodygeny is a kind of reproduction where
two daughter cells are produced inside the mother cell. It starts by
the formation of Golgi zones near the anterior surface of the nucleus.
The parent cell is consumed in the process by the growing offspring
prior to separation.
There are three known infective forms: tachozoltes, or the active
proliferating form; the bradyzoite, or the resting form which is always
contained within a cyst wall, and the oocyst, the form passed in feces
of susceptible cats. The oocyst stage of T. gondii which is excreted
in the feces of cats (Miller and Frenkel 1970; Hutchinson et al., 1970)
3 5is infectious for other animals that ingest large numbers (10 - 10 )
of these oocysts (Dubey and Frenkel, 1973; Miller et al., 1972; Durfee
et al., 1974).
The oocysts which are remarkably resistant to environmental
influences (Dubey et al., 1970; Frenkel et al., 1975) provide a means
by which noncarnivores can also become Infected, This mode of infection
can occur either directly or through some transport host such as flies
or cockroaches (Wallace, 1971; 1972). Members of the cat family have
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been known to excrete the oocysts in feces in naturally occurring
infection CPaiupiglione et al,, 1973j Jewell et al»» 1972) ,
Transmission
Epidemiologically, there are two ways in which human toxoplasmosis
may be acquired, namely congenitally and from external sources. In
congenital toxoplasmosis, the organism is transferred from a pregnant
woman to the fetus and can cause severe neurologic and other abnormalities,
including mental retardation (Bain et al,, 1956; Desmonts and Couvreur,
1974), Not all congenital Toxoplasma infections, however, are serious
(Alford et al., 1969),
Koppe et al, (1974) observed from a study on pregnant women that
the seriousness of the abnormalities of the child depends upon the
time the mother is infected. Infections occurring in the first trimester
of gestation may result in a seriously infected child, early abortion
or stillbirth. On the other hand, when the mother is infected in the
second or third trimester, the child may be without any serious handicaps
or apparent s3nnptoms.
Transmission of human infection from external sources may come
either from handling or eating infected meat or from contact with cat’s
feces. Infections of man may, therefore, result from insufficient
cooking of meat containing encysted Toxoplasma. The studies by Jacobs
et al, (1960), demonstrating that the encysted organisms are resistant
to the action of pepsin and are thus more likely to pass through the
stomach, provide a logical conclusion for the acquisition of the infection
per os, Kean et al. (1969) shedded some light on this mode of transmission
7
when they repotted a case of acute Toxoplasma infection which developed
in five medical students who ate raw hamburger. In an epidemiological
study, Durfee et al, (.1976) attributed goat’s meat as a significant
source of infection for man in Indonesia, Also, in Paris where it is
customary to eat raw of undercooked meat, over 80% of the adult
population has antibody to Toxoplasma CFtenkel, 1973),
Cattle, sheep, pigs and other animals are natural reservoirs
of T. gondii (Weinman and Chandler, 1954; Miller and Feldman, 1953;
Catar et al., 1969; Cusick et al,, 1974), Supporting the findings
were Francis et al. (1977) who reported an outbreak of acute toxoplas¬
mosis among stable patrons in Atlanta, Georgia,
Although toxoplasmosis is one of the most prevalent infections of
man, only in the congenital variety is the manner of transmission clear.
The complete life cycle of Toxoplasma is believed to occur only in
felines (Hutchinson et al,, 1971; Jewell et al,, 1972), but the role
of domestic and other cats in dissemination of the Infection is not
fully assessed. Data are incomplete; nevertheless, serological
evidence suggests that cats are involved. In his survey study on the
Pacific Atolls, Wallace (1973) observed the relationship between the
presence of cats and Toxoplasma infection in rats. Infection was absent
on the islands where there were no cats, Similarly, the same investigator
and his co-workers in 1974 were able to find a correlation between
Toxoplasma antibodies in men and the availability of neotropical Felidae
preyed upon by the jungle Indians in Columbia, They suggested that the
cats were responsible for the spread of Toxoplasma infection among the
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Columbian Indians.
T. gondii does not possess any specific cellular tropism, but the
ability to adapt to a given host differs with different strains of
Toxoplasma (Dubey and Beverley, 1967). It has the capacity to invade
any cell (except non-nucleated red cells of warm-blooded animals and
birds) and correct its biochemical defect. Its development in so many
types of tissue cells is reflected in the protean clinical manifestations
of the disease.
Ffrench (1962a) saw in a patient cysts and pseudocysts in the brain
and free Toxoplasma organisms in the spleen, liver and myocardium.
Toxoplasmosis may be presented as an upper respiratory tract infection,
infectious mononucleosis, headache, fever and l3nnphadenopathy, Hepatitis
and meningoencephalitis are among the predominating features.
Encephalitis with s3nnptoms of semidelirious and convulsive seizures
in children (Sabin, 1941) was one of the conditions first known to be
associated with toxoplasmosis. It is now recognized with great
frequency in patients treated with immunosuppressive agents (Frenkel et
al., 1975). Some of Sabin's contemporary investigators, Pinkerton and
Henderson (1941), discovered other s3nnptoms in two adults with Toxoplasma
infection. Among them were fever, headache, respiratory difficulty,
maculopapular eruption and one of the spotted fever syndromes.
Inversion et al. (1960) reported 88% incidence of positive serology
among 17 cases of chorioretinitis in Northern Nigeria. In trying to
illustrate the various complications peculiar to the infection, Ffrench
(1962a) cited six cases: blindness, abortion, pulmonary congestion.
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dizziness and general myalgia, just a few of the symptoms. Many other
different clinical manifestations have been recognized (Wilder, 1952;
Theologides and Kennedy, 1966; Kagen et al., 1974).
Although s3nnptoms of clinical infections are protean, and serologic
evidence indicates that toxoplasmosis is common in the general population
(Feldman and Miller, 1956), it is rarely diagnosed clinically (Lake,
1963). Remington (1974) claimed that about 30 per cent of the residents
in the United States have been exposed to the disease.
Toxoplasmosis as an Opportunistic Infection
Toxoplasmosis is more frequently an oligos3nnptomatic infection
rather than an overt disease. However, despite the assumption that the
infection is sub-clinical or causes only mild non-specific and self-
limiting diseases, complications may arise. Opportunistic accompanying
infections are not uncommon. Remington and Gentry (1970) mention
pneumoncystic carinii, herpes virus and cytomegalovirus as some of the
infections that could concomitantly exist with toxoplasmosis. In a
serological study of patients with poljnnyositis, Kagen et al, (1974)
incriminated toxoplasmosis as a co-existant disease of polymyositis,
Samuels and Rietschel (1976) proved this to be true in a case report
about a 49 year-old woman who contracted both diseases concurrently.
As recently as 1977, Kaeser and his associates in Switzerland, detected
Toxoplasma gondii in the cerebrospinal fluid of 9 patients with various
neurological disorders.
While post-partum acquisition of the disease can lead to cerebral
lesions, chorio-retinitis or myocarditis of a clinical grade, a very
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large percentage of infected individuals have no signs of the disease.
Yet, given potentiating circumstances and other specific factors.
Toxoplasma can be a cause of many human miseries. For example, a central
nervous system infection with T. gondii in the adult (Ghatak et al.,
1970) is not frequent. However, if the infection occurs in inmiunosuppressed
patients (Dubin et al., 1971; Gleason and Hamilin, 1974), it presents many
clinical problems.
In 1965, Cheever et al, reported on necrotizing toxoplasmic
encephalitis and herpetic pneumonia occurring as complications in
Hodgkin’s Disease. Slavic and Lipman (1977) recently cited a case of
Hodgkin's Disease in a 75 year-old diabetic woman. The woman died
after receiving radiation therapy. A post-mortem examination revealed
Toxoplasma pseudocysts in the diencephalon. In addition, Carey et al,,
(1973), when citing cases associated with toxoplasmosis, included immuno-
suppressed patients after renal and cardiac transplants.
Of epidemiological significance, toxoplasmosis has been accused of
causing abortions in domestic and food animals. Intrauterine infection
of Toxoplasma and premature birth in dogs have been reported by Chamberlain
et al. (1953). Beverley and Watson (1971) also speak of experimental and
naturally occurring abortions in ovine.
In man, reports are obscure. That Toxoplasma can be isolated from
the uteri of mature women is well established (Remington et al., 1958;
Remington et al., 1960). This is similar to the finding of cysts in
other tissues, a reflection of their dissemination during primary infection.
Remington et al. (1964) isolated Toxoplasma from the curettings obtained
from a women with an incomplete abortion. However, these findings do not
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specifically single out Toxoplasma nor do they rule out the possibility
of its involvement in human abortions.
Nevertheless, some cases of human abortion and stillbirth have been
linked to Toxoplasma infection (Beckett and Flynn, 1953; Robertson, 1960;
Feldman, 1968; Beverley, 1973).
Serodiagnosis
Several different serological techniques for the detection of anti¬
bodies to Toxoplasma gondii, have been developed; but the four most
recognized are methylene blue dye (MBD) test, passive hemaglutination
(PHA) test, complement fixation (CF) test and Indirect immunofluorescence
test.
The first serologic procedure for mass study of toxoplasmosis came
from the Ingenuity of Sabin and Feldman (1948) who developed the methylene
blue dye test. This test is performed by exposing living Toxoplasma
organisms to patient’s serum. Although widely recognized throughout the
world, its use is now at a very low ebb. The fading away of the MBD test
is due partly to the technical difficulties involved and partly because
of the risk attached to the handling of the infectious agent everytime
the test is performed.
Jacobs and Lunde (1957) introduced another method, the passive
hemagglutination test. In this test, human erythrocytes are treated with
tannic acid and then coated with antigen prepared from the lysate of
Toxoplasma. Complement fixation test, with lysate antigen similar to
the PHA, also came into use. This was used by many as an ancillary test
to detect how recently an infection had been acquired.
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Then ramp the IIF test which was supposed to offer all the qualities
needed in sero-diagnostic procedures. Kellen et al. (1962) first developed
the test, followed by Sulzer and Hall (1967) with some modifications.
The test utilizes specially prepared antigen slides, using formalin*'
killed Toxoplasma organisms which react with the patient's serum. After
incubation, a conjugate of anti-human globulin labelled with fluorescein
isothiocyanate is added. Because of its relative ease of performance,
safety and economy, the test is used world-wide.
In the IIF test, when a wide spectrum conjugate is employed, the
titer of a given serum is usally due to IgG antibody, because the IgG
antibody is present in most patients at greater concentrations than the
IgM Toxoplasma antibody. Remington and Miller (1966), using a modified
procedure with a conjugate specific for human IgM serum fractions,
demonstrated that this class of antibodies could be detected in the
presence of very much greater levels of IgM antibody is indicative of
recent exposure to Toxoplasma and therefore of active Infection, this
added greatly to the value of the IIF test,
IgM does not cross the placenta; therefore, using specific anti-IgM
conjugate, connate toxoplasmosis can be diagnosed (Remington et al., 1968a),
Anti-toxoplasma antibodies of the IgG and IgM classes can be differen¬
tiated from those that can be only from the new-born Infant. This
reasoning is based on the observation that only IgG antibodies are able
to cross the placental filter. Since the infant, in utero, at least in
the last trimester of pregnancy, is immunologically competent to the
point of producing antibody (Silverstein, 1964; van Furth et al,, 1965),
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if IgM Toxoplqsma^speclfic antibody is present in the cord blood at
birth, it indicates that the baby vras infected CAlford et al,, 1969),
Another advantage of the possibility to differentiate antibody
activity due to IgG from that due to IgM antibody is in early diagnosis
of active toxoplasmosis in pregnancy, If, in the first trimester, a
pregnant mother is found to have IgM antibody, this is an indication
of active disease and high risk to the fetus CAlford, 1971), To avoid
abnormal births, therapeutic abortion may be recommended in such cases.
Even if pregnancy is not involved, detection of IgM antibody will
Indicate active infection and may have great epidemiological importance
(Francis et al., 1977).
In spite of the best diagnostic results provided, the IgM test
results sometimes need careful interpretations. Placental leaks can
interfere with the results. Araujo et al, (1971) also point to anti¬
nuclear antibodies which may cause false positive IgM. But on the
whole, these Interferences seldom occur.
Quite recently another promising serologic test - enz3nme linked
immunosorbent assay (ELISA) - has been developed by Walls et al. (1977),
but it is still in its experimental stages.
CHAPTER III
MATERIALS AND METHODS
Serum specimens for testing were collected and shipped from Ghana
to the Center for Disease Control, Parasitology Division: Immuno¬
fluorescence Laboratory, The sera were not heat-Inactivated as this
process is not required in Indirect Immunofluorescence (HE) test. They
were, however, stored in the deep freeze at -20 C until required for
test. Reagents required for this study included anti-human globulin
and Toxoplasma antigen.
Procedure for the Preparation of IgG Conjugate
Antibodies against human gammaglobulin were prepared in a goat.
The animal received 5 innoculations of human gammaglobulin injected
subcutaneously at approximately 15-day intervals. To test for the
presence of antibodies, a small amount of blood was taken from the
animal Immediately before each Innoculation of antigen. Serum was
extracted by centrifugation and activity was assessed by Immunoelectro¬
phoresis, When activity to all immunoglobulin classes became apparent,
as shown by development of bands of precipitate in the gel used for
electrophoresis, a large volume of blood was collected. Three weekly
bleedings of 250 ml each were carried out. After the blood was collected
in a flask and allowed to clot, the clot was cut into pieces with a glass
rod and allowed to contract at 4 C for 24 hr. The serum was decanted
and centrifuged at about 700g (2000 rpm) to remove any solids, such as
erythrocytes and leucocytes. The conjugated serum was stored frozen at
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-20 C until needed for preparation of conjugate.
For preparation of conjugate, the goat serum was fractionated by
the ammonium sulfate [(NH^)2S0^] method. The serum was diluted with
an equal volume of saturated ammonium sulfate, and the precipitated
immunoglobulins were allowed to settle. As much of the solution as
possible was decanted, and the slurry of precipitate was centrifuged
at 2500 rpm for 10 min at 4 C in a refrigerated centrifuge to remove the
rest of the liquid. The precipitate was redissolved in distilled water
and then reprecipitated and treated as before. After reprecipitation,
excess ammonium sulfate was removed by dialysis of the redissolved
immunoglobulins for 3 days against physiological saline at 4 C.
In indirect immunofluorescence tests for parasitic diseases,
conjugates with high fluorescein to protein (F/P) ratios have been
found advantageous. With a serum of given activity to the immunoglobulin
in question, the greater the F/P ratio, the more efficient the conjugate
in terms of increased working dilution. For this reason, the conjugate
was prepared with an F/P ratio of 43. That is, for each molecule of
protein, 43 fluorescein radicals per molecules of protein were present
in the finished IgG conjugate.
Procedure for the Preparation of Toxoplasma Antigen
Antigen was prepared from RH strain Toxoplasma gondii tachyzoites
from mouse ascitic fluid fixed in 1% formalin in phosphate buffered
saline (PBS) of pH 7.6 for 30 min. Procedures for the processing of
the antigen have been described by Sulzer and Hall (1967), In brief,
preparations include harvesting of tachyzoites of RH strain from the
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peritoneal cavity of 3-day infected mice after the mice were anesthetized
with chloroform. A 2 ml hypodermic syringe equiped with a 23-gauge
needle was used to aspirate the peritoneal fluid. To make sure that the
peritoneal exudate contained enough Toxoplasma and that bacterial
contamination was not present, a drop of the exudate was examined
microscopically in a wet mount preparation.
About 25 ml of peritoneal fluid was collected. It was suspended in
50 ml of formalin-phosphate buffered saline, pH 7.6; poured into two
(15cc) plastic screw-capped tubes, and centrifuged slowly (about 200 rpm)
in an lEC table model clinical centrifuge for 10 min to sediment the
leukocytes. The supernatant was aspirated and the sedimented leukocytes
were discarded. After examining under the microscope a wet mount slide
to determine reduction in numbers of blood cells, the supernatant fluid
was centrifuged at a faster rate, 2000 rpm for 5 min, to sediment the
organisms. The supernatant was decanted and the organisms were
resuspended in 10 ml PBS and spun again at high speed. After a series
of four washings, the organisms were resuspended in PBS so that at least
50-100 organisms were present per high dry field, on the finished slide
mounts. This was accomplished as follows;
The sedimented Toxoplasma were resuspended in 30 ml PBS, This
served as full strength suspension. Before making the antigen slides,
2-fold dilutions (1:1, 1:2, 1:4 and 1:8) were made from the full
strength of the Toxoplasma suspension. Wet mounts of 3 microscope
slides were prepared for each of the dilutions to determine microscopically,
which dilution was best suited for the preparation of the antigen slides.
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In addition, dried mounts stained with Giesma's stain were used for
enumeration of organisms.
When the three different dilutions had been examined on the
microscope, it appeared all three had, to a degree, some advantages.
For example, each of the dilutions had enough Toxoplasma, but with
regard to distribution of free organisms, the 1:8 dilution was the best.
With micro-pipette, antigen slides were prepared from the 1:8
dilution of the Toxoplasma suspension. This was done by applying small
drops of the suspension solution in all the wells of microscope slides
and allowing them to air-dry. Thus each slide would have 12 smears
(since there were 6 wells in two horizontal rows, to each slide). The
finished antigen slides and the rest of the full strength suspension
were stored in deep freeze at -20 C.
Performances of the Indirect-Immunofluorescence Test
In the performance of the IIF test, micro-dilution plates, with
wells labelled in vertical rows, were used for the titration of the
serum. The serum dilutions were made with the aid of micro-diluters.
With every lot of specimens tested, known positive and negative control
sera were included. The dilution tested ranged from 1:4 to 1:4096
in 4-fold increments. Starting from the highest dilution, each serum
was applied on a corresponding smear on an antigen slide by means of a
Pasteur pipette.
The slides already arranged in a slide-holder were placed on wet
paper towels in a shallow pan and covered. The wet towels in the pan
furnished humidity that prevented evaporation of the serum dilution.
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They were then incubated in an air incubator for 30 min at 37 C.
After the incubation, the smears were flooded and carefully washed with
PBS and dried under an electric fan. To each well, approximately 0.025
ml of the anti-human conjugate solution was added. The slides were
placed in a shallow pan again and incubated for 30 min at 37 C. The
washing and drying process were repeated, and finally, buffered glycerol
pH 9.0 was added to the wells, using Pasteur pipettes. Cover slips
22 X 50 mm. No. 0-1 thickness were mounted on the slides.
Examination of the Slides
under the Fluorescence Microscope
To evaluate all reactions, a Leitz Ortholux binocular fluorescence
microscope was employed. It was equipped with a Ploem vertical
illtiminator with the exciting light source, a HBO-100 mercury burner
bulb. The filter system, with KP500 narrow band pass exciter filters,
recommended for fluorescein and factory mounted was used. Examination
under the fluorescence microscope was carried out within 24 hours of the
preparation of the slides. Where the examination could not be done
immediately, the slides were stored at 4 C.
Reaction was positive when yellow-green fluorescence extended
around the entire periphery of the organism (Fig. 1). This reaction
was in most cases intense enough (in lower dilutions) to mask all
internal red counterstain. In higher dilutions, however, the peripheral
staining was different; only a thin peripheral halo surrounded an internal
red fluorescence. In contrast, the organisms fluoresced reddish with no
yellow-green peripheral fluorescence when reaction was negative (Fig. 2).
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Reaction was regarded negative also, vhen only one end of the organism
fluoresced bright yellow-green around the other end (Fig. 3). This
"polar-staining” was noticed at lower dilutions and usually disappeared
at serum dilutions^ 1;256,
Conjugate Controls
The conjugate does not react with antigen by itself; neither does
negative serum react with antigen. (Antigen should complex first with
antibodies in serum, if any, and the complex formed does of course react
with conjugates). Nevertheless, if a reaction occurs with conjugate
and antigen alone, in other words, if yellow-green fluorescence occurs,
the interpretation is that the antigen may be faulty or the conjugate
dilution may be too strong, or a wrong seriom dilution may have been used.
To test the acceptability of the conjugate in this study, smears were
incubated on some of the slides only with PBS Instead of serum which
served as conjugate controls.
Fig. 1. Positive reaction - showing Toxoplasmas with yellow
green fluorescence extending around the entire periphery.
Toxoplasma specific antibody reacts with sites over
the entire surface of the organism. The fluorescein
conjugated anti'-human-gamma-glohulin then reacts with
the antibody. The presence of antibody is, therefore,
detected by the secondary reaction of the conjugate.
This positive peripheal fluorescence is more brilliant
in preparations treated with the lower dilutions of
sera, which contain the higher concentrations of anti¬
body. As sera are diluted, brilliance of the reaction
decreases. The highest dilution of serum resulting
in complete fluorescence of the periphery of the
majority of the Toxoplasma, even though the fluorescence
may be quite weak, is designated as the end-point
titer of that serum for antibodies to Toxoplasma.
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Fig, 2, Negative reaction, tHe organisms fluoresced reddish-
no peripheral yellow-green fluorescence.
Serum dilutions that result in no visible peripheral
yellow-green fluorescence Cthe emission of fluorescein)
are said to be negative for the presence of antibody.
The red fluorescence of the Toxoplasma in this case,
as well as the central red fluorescence of Toxoplasma
with weaker positive reactions, is due to fluorescence
of the counter stain, Evans blue. This dye is mixed
with the conjugate and reacts with the organisms. It
plays a dual role in the test. If no antibody is
present in a serum dilution, the counter stain makes
possible the visualization of the Individual organisms
that, would otherwise be hard to see. In positive
reactions the counter stain furnishes a contrasting
color to the fluorescein emission, thus making
visualization of weak reactions less difficult. Evans
blue is both a normal light, and a fluorochrome dye
with emission in the red part of the spectrum when
viewed with ultra violet excitation.
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Fig. 3. Negative reaction, ’’Polar Stain” showing the
organisms with yellow’-green fluorescence at one
end, with no extension to the other end»
Many sera have a component in the immuno¬
globulin that reacts specifically with the
anterior end of Toxoplasma. It is still unclear
if this factor has any sifnificance in the
serology of toxoplasmosis. The stimulus that
elicits production of this factor is unknown.
It is necessary to distinguish the reaction
due to this factor from the diagnostic specific
reaction of the normal antibody. The polar factor
is especially marked in its reaction when performing





The procedures patterned after Sulzer and Hall (1967) consist of
formalin-killed Toxoplasma organisms which are air-dried on slides.
They react with the patient’s serum and then with fluorescein
isothiocyanate-labelled anti-human globulins which usually show reactions
with IgG antibody. But while antibody titers of IgG are indicative
of exposure to Toxoplasma, they do not tell more about recent infection
or acute disease.
Remington et al, (.1968b) suggested the use of anti-IgM conjugate
immunoglobulins, By such a method, a differential diagnosis could be
possible between nonactive forms, where anti-toxoplasmic IgG can last
for a long period of time as opposed to recently activated or re-activated
forms characterized by an increase in IgM antibodies.
In an attempt to determine recent infections in this study, sera
showing high positivity were selected for IgM screening. With slight
modifications, all the other procedures were similar to those outlined
above. Goat anti-human IgM conjugate was used. This IgM specific
conjugate was a commercial product obtained from Tago Inc., Burlingame,
California. The working dilution of the conjugate was 1:100 in a
solution of 1:1000 Evans blue in PBS. Serum dilutions were from 1:4 to
1:64. As it was before, known positive and negative control sera were
included in each test run. A control for the conjugate was also added.
Using antigen slides, 0.025 ml of serum dilutions were applied to each
of the wells and they were incubated along with the others for 30 min
at 37 C. After the smears were washed and dried, drops of the conjugate
solution were added to the wells. All the slides were incubated again
24
for 30 min at 37 C, The slides were examined under the same Leitz
Ortholux Binocular microscope described above.
Student’s ’’t” Test and Geometric Mean Titers
For statistical comparison of antibody titers, student's "t"
test was employed. Comparisons of geometric mean titers were made in
two ways, by computing with inclusion of negative sera (arbitrarily
assigning a value of 0 for the exponent) and on the basis of geometric
mean titers of only the positive sera.
CHAPTER IV
EXPERIMENTAL RESULTS
A total of 119 sera were examined by the IIF test. Of these, 32
were obtained from Burkitt’s lymphoma patients, 60 represented "nearest
neighbor" controls and 27 were mother and child. Aside from the cord
blood, the ages of the other donors were not determined.
Table 1 shows the distribution by number and percentage of the
titers among the various dilutions tested. If titers below 1:16 are
considered unimportant, then of the three tests, 52 (43.7%) of the total
sera were below a titer of 1:16, and 67 (56.3%) were positive at a titer
of 1:16 or higher.
By the same criteria, when the three tests are treated on an
individual basis, the sera for mother and child had the highest percentage
distribution of positive titer - 81% as compared to Burkitt's lymphoma
and the "nearest neighbor" controls, which had 41% and 53% respectively.
Geometric mean titers for the serum specimens were computed. The
figures for these titers and the IIF titers are shown in Table 2.
No significant difference occurred when any of the groups were
compared with any of the other groups. Results of these comparisons are
shown in Table 3,
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Number Percent Number Percent Number Percent
Negatives 17 53 25 41.7
5 19
1:4 2 6 3 5 0 0
1:16 1 3 3 5 3 11
1:64 1 3 6 10 13 48
1:256 4 13 13 21.7 3 11
1:1024 6 19 9 15 3 11
1:4096 1 3 1 1.6 0 0
Totals 32 100 60 100 27 100
Table 2. The Distribution of IIF and Geometric mean titers of Serum Specimens Tested









Neg* 1:4 1:16 1:64 1:256 1:024 1:4096
Burkitt’s
Lymphoma




60 171.3 20.3 25 3 3 6 13 9 1
Mother and
Child
27 93.1 40.5 5 0 3 13 3 3 0
* Negative titers were arbitrarily given a value of 0 for the purpose of computing geometric means.







t value 0.6112 1.4212 0.9602
all sera






Frequency of percentage distribution of titers for the 3 lots of
sera tested were plotted (Fig. 4). The curves for Burkitt's lymphoma
and their ’’nearest neighbor" controls resemble each other in shape
but while the former peaks at 151024, the latter peaks at 1;256,
Except for the mother/child curve which has a sharp peak at a
titer of 1:64, the two others have low peaks with higher titer values.
As the graph shows, (Fig. 4) Burkitt’s l3nnphoma curve has the highest
frequency of distribution titer - 1;1024.
Another curve was plotted for both positive and negative reactors
in all the 119 sera examined (Fig. 5). Unlike the three other curves,
it is a typical bimodal curve which shows the presence of toxoplasmosis
in about 60.5% of the population. This leaves the other segment of the
population (39.5%) as non-immune and, therefore, susceptible to the
disease.
Fig. 4. The percentage distribution of IIF titers of sera
for Burkitt's l3nnphoma patients, "nearest neighbor"
controls and mother/child.
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The results of the IIP titers suggest that toxoplasmosis is in
Ghana, but active Infection is not consnon. This investigation disclosed
an overall prevalence of Toxoplasma antibody of 56,3% with a titer of
1:16 or above. Ffrench (1962b) arrived at a similar conclusion when he
found 50% of the patients he examined in Ghana with a dye test titer of
^1:16. The two results are in accordance with overall prevalence as
found by other investigators in some parts of Africa (Fulton et al.,
1966; Saathoff and Dogba, 1974; Goldsmid et al,, 1975; Omland et al.,
1977).
Geometric mean titers computed for the group differed markedly, but
when student's "t" test was used to compare these groups, there was no
statistical significance noted. Even though no statistical difference
could be seen between the groups on the basis of geometric mean titers,
examination of the graph of percentage of reactors and non-reactors
suggests some important points regarding human Toxoplasma infection in
Ghana.
Walls and Kagen (1967) used prevalence curves in their epidemiological
survey of military recruits and related the shape of the curves to the
efficiency of transmission and effectiveness of the infection of
toxoplasmosis. They suggested that the percentage distribution curve
with a sharp peak at the titer of the highest frequency of distribution
represents efficient transmission. A low peak of this titer indicates
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a less efficient transmission of the disease. While a value of high
magnitude (e.g,, 1:256) of the titer of the highest frequency of
distribution indicates an effective exposure, a value of low magnitude
(e.g., 1:64) shows a less effective exposure. When the data of this
study are based on the above interpretations, the mother and child
curve with a sharp peak would suggest a very efficient transmission, but
the titer of the peak would indicate a less effective exposure. The
other curves representing Burkitt’s lymphoma and the "nearest neighbor"
controls are not as peaked as that of the mother and child, yet they
have higher titer values, viz. 1:1024 and 1:256, thus suggesting recent
exposure or re-infection. The percentage distribution curve for the
total sera examined had a broad peak reflecting homogeneity of the
population. The peak ranges from 1:64 to 1:1024. It does not, therefore,
support the idea of efficient transmission depicted by mother and child
curve; nevertheless, it does support the suggestion that recent exposure
or re-infection was occurring in the groups studied.
Supporting these data were the IgM screening of high IIF positive
reactors for evidence of recent infection or acute disease. There were
10 IgM positives out of a total of 22 which were selected for the test.
Two of them had a titer of 1:64 or higher and 8 had a titer of 1:4, an
indication of acute infection or exposure.
Congenital toxoplasmosis is acquired by placental transfer and
children of infected mothers may be infected in utero (Alford et al.,
1974). Sera from both mother and child were therefore tested to find
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any cases of congenital toxoplasmosis. Of epidemiological significance,
22 (81%) of the 27 serum specimens examined showed IIF titers of ^lilS,
but little evidence of congenital toxoplasmosis was found. Only one of
the titers was positive when they were further tested for IgM Toxoplasma
antibodies. Since the specimens from the newborns were obtained from
cord blood, IgM positivity would indicate active infection in the newborns.
Allowing for possible placental leaks, which rarely occur, anti-Toxoplasma
IgM in neonates is a sign of congenital toxoplasmosis (Alford et al.,
1969; Alford, 1971; Remington et al., 1968a).
In 1958 as cited by Ffrench (1962b), Trowell and Jelliffe mentioned
congenital toxoplasmosis as manifesting in Infancy and childhood in West
Africa. This study confirms the idea as far as Ghana is concerned.
Ffrench (1962-) came to a similar conclusion when he dye-tested mothers
whose children were suffering from hydrocephalus or congenital blindness.
He found 66.6% of the mothers with significant titer of ^^:64 and
suggested that toxoplasmosis was Implicated in their child's disorder.
However, his research was retrospectively done in mothers and it was,
therefore, difficult to say at which moment these women became infected,
either prior to or during pregnancy. Furthermore, mere demonstration of
Toxoplasma antibodies in mothers whose children show signs of the disease,
does not conclusively indicate congenital toxoplasmosis.
Although the IgM test results were not unequivocal proof of congenital
toxoplasmosis common in the population, the distribution curve suggests
another interesting point. Ghana is a developing country and like all
other developing countries, living standards and sanitation are poor.
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Flies and cockroaches are plentiful and they have easy access to cat^s
feces and food. General conditions ate such that human food could
easily be contaminated with oocysts from cat’s feces carried by
mechanical vectors, such as flies or cockroaches (Wallace, 1971; 1972),
In a situation like this. Toxoplasma infection may be commonly acquired
in childhood (Stagno and Thiermann, 1973) so that women become Immune
by the childbearing age, but still may have demonstrable IgG antibodies
to Toxoplasma, The distribution curve for the mother/child with a sharp
peak at a titer of 1:64, Indicating efficient transmission of the disease,
illustrates this point. Also supporting the idea is the fact that
Nakayama et al. (1970) could not record a significant difference between
the antibody levels of the mother and their respective babies, they,
however observed a significant Increase in the prevalence rate of
Toxoplasma antibodies in older age groups.
CHAPTER VI
SUMMARY AND CONCLUSION
It appears from the geometric mean titers computed for both positives
and negatives in the three groups tested, that most of the people who
become exposed to toxoplasmosis do not have a recognizable illness.
Nevertheless, this assumption does not rule out the possibility that
toxoplasmosis is a health problem in the country.
Since the IIP tests performed indicate that toxoplasmosis is
occurring in the country, one does not only have to look at the problem
from the standpoint of the population at large. The individuals who
have the disease are to be considered in their respective cases. Judging
from the results in this context, the Intensity of the disease on the
part of those who are exposed is great. This observation is based on the
geometric mean titer figures computed for the positive reactors only.
The significant antibody titers observed in the mother and child
group suggest that Toxoplasma Infection is fairly coimnon in childhood
and that women become immune by the time they reach childbearing age,
thus reducing the Incidence of congenital toxoplasmosis. Nevertheless,
it was not within the scope of the present investigation to determine
at what age infection of toxoplasmosis predominates in the country.
Larger samples of the general population with various age groups are
required for a more definitive study.
Because of the protean nature of toxoplasmosis, coupled with the
fact that the infection may be as3miptomatic rather than an overt disease,
it is suggested that clinicians and pathologists exercise care in
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diagnosing diseases that present puzzling symptoms,
Apart from intra-uterine infection, oocyst and cyst appear to be
the main mechanism of transmission of the disease, Although frequency
of infection varies among different populations, studies have shown
that genetic resistence or inherited ethnic factors do not have
significant effects. Life styles and eating habits may be directly
involved. In Ghana, cats are kept as pets for religious reasons and
for other motives. Stray cats are not an uncommon slight on the streets
and around houses. While domestic cats are eaten in some communities,
several species of wild Felidae are also utilized as an occasional
source of meat supply. Any of these might serve as a reservoir for
Toxoplasma and a source of infection,
I am a citizen of Ghana and I know Ghanlans cook their meat
thoroughly, more so in the rural communities than urban, but it is
difficult to say either oocyst or cyst is the dominant source of the
infection in the country. Western culture has made inroads into the
indigenous life styles of the people and it is assumed that those who
are "westernized" could eat their meat undercooked and expose themselves
to Toxoplasma infection. It would therefore, be of interest to evaluate
this point to determine if there is any correlation between life styles
and experiences with toxoplasmosis in Ghana,
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